
lklILII:lI)t  Associations

Abst.  r:l{t i \l 0 Ii-)l  , II(1 rcitcw  ])ropos[!d lJulsar/su prxnow  rcmnaut  asso-
c.iatio]l$~ Sllllllll  Ill/(’ I (’c.c]lt tli}~liligllts  ill t t]e fICldl iIlcludirlg  s[!arches f o r
youll~  pulsill  : , $;( il[( II(’S fol l(:llllldnts,  l(lCIIt.  st. u(lics of p rev ious ly  ])ro-
])0S(!(1 i!}Sl)(  i-tti)]  , :11:1 att(:]ll])ts at ])lll’+ill  /1( ’IIlll~Ilt  association syrlt}lt:-
S(!s. W(’ iil~$,ll(’  i 11;:! 1[1 )!+ t I)rop)scd l)lilsar/:;(If)(’rIIc)va rcrnnarlt associations
rcquir(’ ;I(l(lilio:!ii } i]! ,, (..;f,ip~t,iorj  l)(!for~  {,IICV ca]I Iw considered secure, arid

we sup,t’;lf)( ~lit(  i !!)II \’()] flrlurc  work.  ‘

No rwimv of I)uI:-;:<  r/: u})rr IIIW rcln]lant  (1’SIL/SiXli)  associations should begin
wit,llout lavisllirl~,  III d“s( ()~1 I laaflc $ Yjwichy (1 934), w’}Io hypothesimd  neutron
stars arc l)oI rl ill :SIIIIC:  II(IV; : ixl)losior!s  of rn:issi~c  stars, loIlg before ncut, ron stars
had bee]]  di$c(~v(r,l  ] ‘1’1111 discovtry  of tlIc’  ])ulsar ill t,hc Crab  nebu la  made
the IIaade  & Zwi(k) ‘ ~l)I)t  ‘I{s,is  seer])  visio])ary; l)ut aft(!] wc firlish scraping our
amazed  jaws (~fl 1 II( flI I(II , I ( task of })uttirl{~  S)UdI  IIy])othcses to careful scientific
scrutiny for p,cr II’ IiIl (+IW,l  r,r[la,irls.

I’Slt/SNl{  As.(I(  iatio!l  , the  su I)ject of this review, cau l)otentia.lly  prove
the  l]aadc& Y,wi(ll~ Il}}m(’lcsis. ‘1’llcirstutly  als)(~liastll(:])otclltial  to constrain
thedistributil)]l  II( l)i[(ll  111}’,rlcti(:fi[’lcls,  bir th  sj)iri  ]mriods, ari(ls])accve locitics
Of  neutro]l Stii l:.,, ;l ..> v:~ll  A l)uls~r lmaIr}iIi~ fractiorls. l’roln  t,}Ic SN1{. poirlt  o f
view, associalit)rls,  11(*11) I (J]llrai]l rc]lrnallt  distarlccs, ag;es, arid elucidate unusual
rcmuarlt  II I(II 1)11(11(~{1,>  (II ci)lut,iort. ‘J’his  can lW doIIc by considering irldividual
associat,iorls  (~’2,,},;i.;{  ) 0: l’ia ]mpul ation s~rnt]lcs(!h  ($4 .). ‘1’he s t u d y  o f  asso-
ciatio]ls pro]l(:rl~’  I)ilirl, v ill! tll(’  (Iisc.ovcry  c)f {arldidatcs ;  rc!ccrlt  s(!arches arc
suln]l]arized ill \;{l.  i III! ~i ~.’l.

lrltllis  r~\i(.!i’),ilf  {ii:, Ilssior, is li]l]itcd,  soIIIcwlIaI arbitrarily } to SNI{ asso-
ciations  irlvoll’irlf’,  ri:fllo ~)11 I,rs. Noii~lJl[~o  rllissiolls:i  r-c:” SS433all(l 11~2259-{  586,
which arc])r(,l,;!l)l~  1)11~  IJ I{{lltrorl  shlrsill  SNI<S ((;liirkI~Murdi]i  1978; lkhlrrlam
&Grcgory l{~[il);  1111111111(  I)ulsa!(lriv(!rt  ]Jl(:]ic)llst  i]l(l])oirltso  l]rc. t:sirl”  rcIr]nants
fro]nwhic.h  ]~(ll$;lti(  ~l-llilil  lot Imrlsecn (c.?,. \)asisllt  et al, 1996; l’etrx!ct  al.
1996); arid s(lfl  ~,iIIIIIII,  I rt l)[LiIt(!l  S (S Gl{.s),  wrlli[]l  JIJay l)c young neutron stars,
as iufcrrcd l)y tlI( ]}’[’wIIcI’ o f  arl SNT1{ irl tllc S(~l{  (!rror box (e.g. ]<ulkarni  &
IJ’rail 1993).
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●  1 s  Iljc, i]li])lit  41 t r:.  II\v(’lsc vcl{)c.i(y  re:tsOIlablC? lICI’C!,  inst,cad of a s k -
i n g  if flit  1111: II i~ 11.;ltd  !’,itllill  tlic I(JIIIIIa  IIt I)oundwiest  w c  a s k  i f  tlIc
])ulsa  I “s i]lll)li,  :1 1 I{ l:sv(~tti(’ i(lo( it,j’,  assltltli]i~lj  its birth at t,hc gco]tlct,  ri(
I’(!Illllil  IIt ( (II II : 11(I  I II(:  lIIost  Iol IswrviIt  iv(’ ii~$’ (:stinla.te,  is  c.onsistwit  with
l,hc lJ~r IC ,( 1 ,(l;itt](’1  [ 1994) i(locity (Iislril)l]tioll, (Ierivd fro]n ])ro])cr III()
tio]i SI u(ii~ roil ( Iit i(l(]liifyi[lp,  III( I(IIIIIaIIt ((:nt,rc is often difficult,.

●  1 s  tlIfI  t (vitlol{( fbr f:IIy illt(~ractioll  between  the p u l s a r  and
SNI{’! Ali 11(11111,1  t t s qu(s[,il~ll is sulji(ct  iv(:, associatio]ls have been pro-
pos(!(l  011 tll( l),,.l i, (I lllc)~l)llologica.1” (:vi(l{,]lc(,  (IIIIJI  (S IIUII et al. 1989; Kulldt
k? (xlilll~, 1!)!};’); ])11’ rs llii\’1 rclativisti(  I)M ticlc  wi]l(ls  t h a t  likely  “rcju -
V()],at,(’ ‘“ SN 1{s \ <i l,ifticl(  itll(:ra(tio]l w’itll  tll(!  SNI{ s h o c k .  lIowevcr-,  a
])ulsal  fl]it~tlVIII II (It roll  lI(I)IIIA i s  IIOl 11( ’((.; safily r(:latcd  t o  a ])rcvious
Sll})ol  llo\’<l [ ]:;  I  ).

●  l)oes  (11(,  })11)] )(,1 )Ilotion  vc(tor of t.l Ic ])u]sar p o i n t  a w a y  f r o m
the I’(111)1:1111  c(IIt I (,? III p,[lleral, you  1111,  ])ulsiir I)ro]mr ]not,iolls  arc }mst,
II I(!ii Sill (’(1 \lil  illil][(  ‘I)] Il(ll\J, :.itl  ((’ tllllillp,  l)iIliilll(!t(!f  ’S arc usualimy c.o]ltla]]l  -
illat(xl  II) I((I III) d’ w(I p,litcll(’s. ‘1’11(’ (.lil((  t ion of pro])(!r  Iilotion II)ay also
h ilifc] 1~~1 II{) )1 {1)( lIIOIl)llol\)~y  {)f ;) })111’ill  h’i~l(l II[)I)UIH{:  (cog. (;01(1(%  [!t

al. 19!1:{) A  1)’i~l)(’l II otfioll”  tll(~ttsl]r(~]ll(~]lt  llii  S tllc pot,c]lt,  ial to (Iisprov(!  an
associdti(~]l  1([-11(11( , of t lIi! ~ITIs\v(lIs  to t II(’ otll(!r  qucstiolls.

‘1’llc all{)j’(  (IIIIF  I i, ~tl: :111 lx 1] ’)(:(1  to clas’)ii~’ (’:icll  assoc.  iatio]l acc.or(]itlg t o
]iow IIIUCII (li(l(ll[  ( J ~t’, ill its fitlor.  Ass(~(iatio]is  for which tile answers  t o  all
quest  iol]s  :il(’ :1 Illltll<ti}( I(! SC(III(I iill(l ill(’ (lawifl(!d ‘(grou~~’  1; sucxcssivdy
l(!sss(:clll  (:a;:joli,  ti, +l] ;, [1(’t,(!l  Illill(xl  t)} t.llc ]IiIIIIlx:r  of aflirrnatlivc  a.]lswcrs to
tllc a.bovv (Iu(!.li)l: .:1( I liWSi(i(’(1  ill itlcr(~a.  +ill{;  ~,rou])  nurnb(!r,  w i t h  groul) 5

assoc.iatiollsl” Iwitl]’,  Il]llili(’l,i ‘1’}lis  (.lil$sificdtioll  s(lI(I]llc  is Inearlt  as an obj(:ctiw,
ov(:ra,]l  g~li(l( 10 t li~, : 1, (Iil,ility of” ;I II il%()[’idti()ll, ])ut SIIOUICI not subst.itutc  fo r
a (Ic. tail(!(l  St ll(i,v ill i]l,llfl  lual C; IS(LS. ‘1’li(  (OIUIIITI “(~” in ‘1’ab]c 1  shows the
classificatiorl  f(ll (.1( ‘I l) f{)i)[)S(!(l a.s:(iciatio]l. Vot(! tliat associations ill groul)  3
or 4 n~ost  (jfl(li  :dI[l(  I II(II  d Ia(k of rcl(:vdllt  olis,(’rttitio]ls,”  r a t h e r  thal) ovidcllc(:
asalnst tllc awo( 1< Ii)ll. ‘1 IIIJy s} I(,II](I  :;illl])ly  lW co]lsi(l(!rd  I]llc.crtaill.

Swcral  (’)11( II ,Ii)ll ( II I)(. (lra Ii’11 fr(lrlt  ilislwctioll  of ‘1’ii,ble 1. I;irst,  of tllc
28 pro]msml  il>:(,[i;,i(::, (IIIly s(:i(rl  (.illl  1)(’ (f)llsi(l(!r(:(l  c,o]tl])(:lling,  w i t h  O n l y
tllr(x:  of tlI(k;I (f Iti IIr I ‘ 1  IIIS i.; ilk stIOIIp,  (~)tlfriist  t o  otllcr alltllorx  w h o  IIfiv(:

Sllggcstc(l t tl:it  a.. Ii! ~lj i:’ 1“/ ~C)S)(iiltioIIS  :ll”(’ 1)101):11)1(!. III(lw(I it isrell~arkabl(!
t h a t  Oftll(’ 22 I)ul-:11. Il;l\ll V;(:ll; +r;)(i(:risti(  a~I,(J-  (Irl(l(:r  ]OOkyr, ]8 arcirlcludcd
ill tlt(!  ‘1’at)l(: (’l’ii, (  1(1]11  (IIIS iII(L I’SI{S ll104fi !18, 111 ”/27- 471 111737- 30, arl(l
111916+ 14).  llo\’($\’(1 I iii- IIIay als(~ si]jl})l~  ho tll( (fl’(’ct  of youn~ l)ulsars l)(:il(~
giv(!n  prcf(~l(rltiill  ilti(’lil  ill I; JVC (IIs( IISS this (li~ilp;t(~(lll(:tlt,  furt,ller ill $4. Assoc. ia.-
t,io]ls I)rx)]ms,xl sill{  (’ I! I!14 II(: i]l(li(i!i(:(l  ill I,li(I ‘1’iil~l(’  with  aII astxrisk; tllrm! that
hav(! y(!t t o  1,[ ])]l)li’i(i  II  \(: II(lt I)((!II cla’;sifi(wl  ill)(l arv at tll(:  bottolll.  W(: Ilot(:
tll:l.t 110 :ISHJI iiili(,l+ I I  1 I I. I)(XII  l,ro~>os((]  sill{ c 1994 falls ill citller our grou[)
1 or  2. If w( c(I:I.’I1(  I i II, (fly III( ]i)ost  s((ur(  ilsso(”idtiolls,  i.e. those  in gf’oll~)s
1  arl(l  2, tll(’  IIl(illl I 11 ;II I  la Ils\’crh(!  V(:lo( ity (1( 4  1() liIt~/s.  IIowcv(:r, 11011(: of
tllc I)rol)(wc(l  ah!, i. 1 i 111- i  lvolvill~,,  1)( ~ ?(i[l kIII/S lIas lm)]I vcrific(]  ill(l(llmtl-
(Ic]ltly  by a [)1(11)(1 1:1(,(  i(]] lll(t;~<l)  [(]ll(’llt. lf’1’Sli  111”([) ’i-24, th(: “Swa.rl/l)uck”
pulsar, is(’x(l~](l(~l h(:II II (lstill];lt(’  of tll(  IIica]I transverse velocity, wc Iind
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tit :.. 21f) klII/s, fal II s:. t]I, II pl(, vious  cstill)tit(ls, all(l ill(lcc(] less t}lall  t]le nleall
Ijulsa.r  t,rfillsvcrs(  vc]i,(  IIy I I ,yt)r [’, l,ori[llel  19$)1). ‘1’tiw,  l’Sl{/ShT1{  associa.tio]ls

particular

Onctcchlliqllc  fuI fi](lil~[),  II(W 1’S 1{/SN It itssocia(ious is to search for extended
ra(lio elnissi(~]i  ll(,:lf ~(),ttlp  }~ulsfil:;. ILece]ltly, I’lailctal. (1994t))11~a(le(lce1)20
all(l 90 cri~ \~l,A illl:i,(, o f lll[~li(l(l:]l~ill  tlll(:(:yo(lllp;l)lllsars,  I’f51ts]\1643--43,
1 { 1 7 2 7 -  33, ii]Id I)] ’{(I4 41 ‘1’l~(:yf(~l)l~(l  (!xtc~l(lr(l(:ll~issioll  arouncl  allt}lrec,  and
iirg~]~  t,l Iat all t,l Ir (,( IIsj,r(+,I  III l’Sl{/SNl{  a.~,so(:itltio]i:;.” litlag:[!s oft}lcfielcl aroun(]
1 ’ S 1 { 1 1 1 6 4 3  43](\(l;,l  l;: Itof(]lli-,+io]l”  co]lsist(:]lt  t\itlla}  )artialsl  )elll)lorl)llol-
ogy. ‘J’he coi)l(i(l(ll(,  of Itlf ]):lltiill  Sllcll  I!’it})  t}Ie  ])ulsar posi t ion suggests  an
illt,cractioll,  iill(l  ih ((,r:ist~llt  \vitll tile ])ulsar’s  IIlotioll  ~way  flom t h e  a.p])roxi-
lnategcolllclri(  r(lil](allt  (I 111,  IC. IIll:)gcs  [) ftll(fi  (’1(1 II(!a I l’Slt  Il1727--33rcveal
c]nissic)]l IICa I tlI(,  lJIIl SII “hat (’xtc)l(ls IIltii]lly lloltll~~rar(l.  I t s  illtcrprc,tation  ill
tmmsofan  SNli i’lr(il,ll:llati(ill  ttlis(a:j(,as  llrllik(:tll  atfor1’S1L}11643  -43,
t}lc nlor])llol(i~,y  of {),(, ‘I);[ialsllcll”  isillcollsistcllt  wit]i thcinfcrrccl  lnotion o f
thcpulsar,  ‘1’}l(:(l])i$.i(~rl  IIlajrlX  ]Jl)lsar-l)(]Iv(~[~(l, b~lt is ]iot necessarily the rcln-
r)alltofas~l])crlloitl  (x],I(). (iti (s(I( ~1, ). 12x1( sII(I((I cililsslon rlcar I’SlLl]1706--44
WaS f i r s t  (i[!t(!(”.t(~(l  1)~ l\,’l C/’, (li+,1I)  (!1 i!]. (19{) 3); l’rdil(:ljal. (1994 b)corifirrnthc
detect ion.  ‘1’li(!~(li:.(s. S(IIIIV prol)l(lt~s  \viifl  all aw)cia.tioll,  namely the absence
of any intcliic{ioll  (1(.l)it(~  ltlis  ]~ulsal’s  I)art.  icularly  liirg,c  spin- (lown luminosity.

3 .2 , Swircl~f:s ft,I >“{l~ltl{;  l>~IlS:\rS  near  SNJ{S

Althoug}l  histoli(il~l}  III;i  IIj ~()~lrlp,],l]lsarsli)((l  ]}la~lsil~ly ~ssoc,iatccl  with SNILs
ha.vcbccn  (lisco~(t((]  ill ul Iilrp;ct(.1  scarcll(w((. r,. IJarllas}lck  et, al. 1978; Clifton
& ]jync IN-HI; J(IIIII:(O  II (’l ii]. 1 !){)2), t)l(! success  of a scmrc}l  targeting SNILS,
b y  Mancllestel  (t ii] 11!1!))  r]la(lc  silni]ar, rll(~r( scllsitivc  s(!archcs attractive.
ltcc(!llt  scar(ll(+ f{)] prllwr iri tli( (Iir(!( ti(jll of SNl{s IIave IIlet lirilitcd success.
Golllarn  et al. (1!1!?(;1  SI;II(  L(KI for r(idio  ])uls:+liorls  ftolll  18 sup(!rnova.  r(!lllnants
using tflc Al(x.illo  t(i(,.~ (J],  I’ bl]t f(jull(l rlo rl(u ])u]sars. IIiggs & I,ytIc (1996)
scmrcl)cd  29 SN 1{: ilt ,lO[l” (11 IIallk, IJut  foull(]  rlo II(!\v  ])ulsars.  I{aspi e t  a l .

(199&I) scar(liml  ,do ( ;:+II(  ~ I( rel])liarlts, aII(l fo(ltld  two II(:W pulsars, one of which
i s  itl]nost  c.ct tailll~  ll()’L a’ ,ociat(:tl  writ]l i t s  ta!p,ct  Iclll]lalit.  ‘1’l)c o t h e r ,  I’SIL
J1G27- 4850, i s  a l  J 11[,’rtl  III w(II uitflill tllc rclllliallt lmul~(laries,  al~d distance
CStllIl~tCS  tO tll(’  t \\ ’(l }~~,[(’, but III( ])ulsar c.llar ac.tcristic  age is well over tllc
cxpcctcd  lifcl illi(~ of }N Ii}, ‘1 ‘lie a SSoriiltiOll is ])lausil)lc  ull(lcr  t}lc controversial
IIypothcsis tll~t ]IUIA: r: I ii I IN! Imrli w’itll  r(!lati~(’ly  Io]ix spin ])criods.

3 . 3 . NCW l{w~~lt:.  {t)I 1 ‘]cvi(l\lsly l’ro]]owd A ssoc.iations

Vela: Addl(ssi)ip,  lr(til] I:- coric(:l I IS  (lli{~,]lilrlli i’ thravco ]988) rcgardirig  tile
association) of tlI( \’(J++. 11111  il r with tt~c \~cl:i STY]{, Asc.11(’llbactl  ct al. (1995), ot)-
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tailtcd a l{()!+A’I’ \III:)iI (,j tli(: \’(la SNI{. ‘1’11(1)1 l)Iojwl Ilic iil)])ar(:]lt trajectories
o f  six  (!xi,(:II(l(xl l(ill  II 1(, S II[tsi(l(:  IIIC r(~lllllit~li  l);I(k\v~I(l,  au{], witl) tlIC kno\v))

])ulsar  ])[0])(]  I]l(,l,,io 1, 111111 a colisi~t(!llt  oli~,ill  fol all ollj(wls,  tllc locatio]j  o f  tlie
su]wrllova. ‘I II(5 (lilllat (Ile (J.xlllosioll  O((IIII(XI P+18 kyr fip;o,  t h o u g h  larger

“1’ ( II’ 1  ,tl(~]j(!]l(icliily,  flolII lilllill~,,afy!s a.r(: d so ((l II:. I,, ,4 l,ytlc(:tal. (1996) co11cIu(Ic
tllc &g(!of tll( ~lukd~ i., ~, {i\t,cI tliii]l  its cllaia({(vis{ic  ii~(’ of 1 1  kyr ,  brxausc of
cvi(lellc,c  fol a SIII  l)ll;i,!f,,l} :. II Ian I)r:tkirl{?,  i]l(l  (,.x, [( ~ 1 .3.  ‘1’tl(:y  fllrtjllcrl)oillto(lt
tha.tifsucll  :,11{~11  l)~tiki ii{’, il, (je~~:t il(!stiill(l;tltl for\1(4ti-like I)l}lsars,  t}icirtra.]ls-
v(:rsc vdo(:iti(s  ilti])h[:(i II;, [j ill ])ossil)le SNI{ associations” ilr[’  overestilllated.

1’s1{ 11150!)-  !)}{: /’\llt )llp,h  1’,s1{ 11150!) !)N ilTl(l i t s  sulrouu(liugs  }Iavo rc-
cx:f(t,ly  Iw(:li stll(il(,,l  ill (i! t;{il,  ill ((~litiast  1 0  Vclh, t h i s  a.ssociatiou is Ilot  yet
cl(wr. ‘1’11(:  l(,[l,ioll  i ‘(,111  ]l’l, i, ‘  $Nl{, L4SII  15 52, a[)}wars  t o~11(1 t II(! lill{l, (’ Iil(ll[) ,
I)(! IIIUC.11 ol(icr ‘[11;11 t“I{ ]IIIS:lI  (S(\V&l(l (1 i l l . 198:{) ; cvid(:llcc  sugg(:stsh4S11
lf~ 52 i s  1101 :IC+,+I. i: ( ! ~’ illl 111($ lJlll Si\l, aII(l 1 Ilat ttlc syst(!l  iI c.ol]l])ris(w  Il)or(:
tllall  011(? 1( ’llllliilli, ,4 }~i})el  IIloiiol)”  lilllit  fol ilt( l)lllsal  (Kas])i  et al. 1994)
IIlakcs at) as~xwi:iti[) \ i[t 1]1(! lill~,l} IiMlio  SSlt AISII  1 5  F)2 di[[i cult; addit,io]la.1

“  1 il i. l}It:IItcd  l~y Sir(j)]] (1!}91) aIId 1)11 I’l(v+sis et, al. ( 1 9 9 5 ) .(’\Jl(l(!llC.(!  iip, iilll:,

llowcv(:r,  t}i( l}iil:.1  I-, ;III)  Iwt, C(,  I t,ailll~l aswj(i;lt(’(1  Ivittl sor II(\ c.olIll)olIcllt  of this
c.olllpl(>x  Syslell), ‘1’! [)1~.(tl (1992) ]Iro])[w(l  tlI:It t}Ic ‘L{iu(!st s t a r ”  o f  185 A l ) .
Wil.S tll(:  Ilisiofital  $1 lIvl JI(I\d  tllai ])ro(lllu’(1  l’lSll 1!150{)-  58, Ivllicll  IIlig}lt  have
c.larificd tllc situiiiio:  I}y ( .Ia,blis},  ill f’, a firlll ;II’,(’ foI i}I(~ I)uhmr, how(!wr  a rcccllt
r(:r(m(]inp,  of t 11( T~,iI !r~l..  . 1; ’,;:(%{s  (11(: ?,(1(’s1 star  \\r:\s ii (’olll(}t,, Ilot a. Su])r!rllova

((:lliu k IIu;l,){,,  19!);)

4, SyIIilI(>s~:s  of l“Slt/SNl{  Associ:[tiotls
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●  l)cssill)isti(.  : ( L:(,II  III [, JOl I I  ISt,OII  (I f){),r)tl), llsill~,  a clcativ(!  Motitt\ ~;arlo
Sill) lllili,’lol’l,  ;111 11+ t  } ii I 1]10:1  1,1’(l[xw(’(1  il.s$()(’iati()ll  S al(: a(:t,  ually false, Ill
tjll(:ir illl;  n>’! i., ! !IIj : Ix] tllr (;iiliixj ivil II ;+!), (10[) s(l])(lrllovac,  allowill?;  (!vcry
ox]jlosioll  10 11’ 1111111 I l)otl  I i) ])lll:,ii  I iill(l  a S11(’11  (:xl)all(]iug;  ifl(l(}})(:tl(lo]ltly
int,() a  W:I1 tll [)] 11111  l\M. ‘1’li(,y tli(’rl  Sillllllilt(’  Illltiir’get(xl  1  G]lz  ra(lio sur-
veys ill [11(111  tII ~li -  (I\~(:I ‘ ) !+X l{.sl a:, \\~cll a~; t d I p,(’t (’d alI(i ullt,~r~(:te(l  radio
plllsal ?,l’ill( l{’ I’(I 1110(1(11 tlI(I j) IIlsa T ]~o])lllatioli, tll(:y assulnc the I,yf)e
& l,oli III(LI ( 1!”) 11 II I t II \(lo[ity (Ii.jtril)otioll, ” tll(: IJorill)(:r  ct a l .  (1993)
polsal  Illlllilt).t) II I,, tioll,  tllf: llip,p,s (1[}!)[))  Iwl]lling l a w ,  all(l t}ic ‘I)aylor

& (~ol(l(} ( 1°(J i) I)hl (]iSliill(( s(:[tt(:rillp,  11)()  (1(!1. ‘J’ll(:y colnparc  tll(:ir sirl)-

ulatioll’: ‘lltlw\ld” l’Sl{/Sli  Il. a.wo(iati(~lls  wittl  tjtlosc ill 1,11(! likratur(:,
all(l  alliv(’ dl ilt(l(, :,’litl  p,(() )l(ll]si(llls: olIly W2[KI  of ~~ulsars with 7 < 25 kyr

Sllolll(l  t12\( /~ ‘ 1, i 1111 Ollp,ll  .130’)  {It) f[)lllStilS  writtl 100<  T < 200 kyl’(:all
}Iitvc /j : 1, ‘II i ; k  olltr:l$l t () tll(’ ])(!l((,lltap,(% o f  tllc ])1’0])os(!(1 l’sl{/sNR
:iSS()(iiili()ll. I I IIIli, I  1. l’)rortl tllcir  1(%1111<, tll(’y ((~llc.lll(lc  tlliit  orlly N7 o f
tll OS(’ ii ‘I fll)ll’ I II(’ I,il 1 ,  altll(,u[:ll tlt(’y  (’illl Il(lt (Ictcrltlirlc  lvllicll.

‘1’tlc  ilS~,l’$.~lllllli  II I  rl]( ..1 l’Sll  /SNl{  ass(l(iat i(~lls  l)r(w.lltcd  irl this  r(:vi(:\v  i s

Cl(!ilr’ly  I(1SS (J])tirlll-1  i I  ‘Ii t  IIat (xl)r(v+w I t)y 1 ‘riiil (’1 a l .  ( 1  9911)).  Wc s(!c sow
rral  r(~asorls f[~r t IIi:l III [)111(:  ilislatl(ws, t  lIou~I,lI  tlr(’y  [iri(l (:xteli(l(x]  (![tlissiotl
rl(’ar  yolrrlp,  ljIIl:.;  IIP, 1’ i(l ‘Itifi(’illioll  ils a rl:lllrlarlt  i s  1(’ss  cl(:ar. l~or oxallll)l(:,
tile rllor})lloll,~,}  III t I I (r]} .I.iorl  11(~<11  l)S1{  111 72’/ ;+,? i s  Irlllikc  otllcr r(!l]ltlal]ts;
tlloU@) it, ll)il)’ 1)(’  1)111 ,: I flI \t~II,  tlic (,vi(l(~ric(’  f(tr it lwirlf;  tile r(!llirlarlt  ofil su [w-
rlovd (:x])losi(][(  i:, 1111 Ii, (II III [y]tfr dl, tli( irlt(,r [~rctuaticjrl of cxt,vlldd  clllissioli is
ll(:(:[:ssali[j~  sl)rlll,i, I ,1’s I]) ,,1 tivc; 01 irlt(, r(wt  Illif,llt lm a strr(l~l o f  tllc cllal Ic(!s o f

fi])di]ig cxtr]lil,’(1 r,l(ll J III .ioll  irl (I~IIj (lir(~(:tiorl,  ~,it’(!tl  a (l(wI) \TI, A otjsorva.tio)l.
Irl :I,{](]it,ioll,  ;(, ;,., :,11[~,1 {.,; {.. (I l)y S]llj]i ~t ;II. (1  98{)), ~~ulsars Ciill “r(juv(:],atc”
r(}lllllarit  slr(’lls,  S’( Ii ( (}rlt Iirlirl{!, ia:)l  ])lllSil  I’S rrlay 1)(’  ])[(,f(:rellt,  ially casi(?r  to dc!-
t,CCt,  cst,irrli~tfv  of l.jr,,{  ~~ llil~ })( idltifi(”iilllj’  illl]at(xl,  :111(1  ~t l(!Mt SOlllC!  SNILS

Inight,  r i o t  I)(I olt!. (r ii II] I \\ Ii Ilout ])\llsar  tcjuv(!rlatiorl ( c f .  llraul I (Itj ;{1.  ]989),

II)vcri co)ihi~l(rirll I 1 ,(  ,,])01(, [Irl(’(:1  lairl ties ill IIIC “(jJ)tfirrristic”  vi(>w ])oirlt,,
t,llc cx)llc.lllsiolls  ,01 ( LI~ ,1:,1{ I SJ ,Ic)lillsto[l stitii(l ill striking  oi)]m+il,ioll. W(? S(X!
a rlulllt)or  o f  ](, iIc.1111: l:~r Iii:;, SL!\(,l’iil })licrlot[lcr~ii tllilt lllil~ l\ilV(!  ill)portil.rit

irtr]mctls  o]) tll(: ~li.:  (I I$(r,  V III IICI\ l’Slt/SNl{  iisso(.iiltioris w e r e  rrot r]lod(:l(xl  irl
tll(:ir  Sillluliliioll, ;is II [ ( ..(:(1 il})()\(!,  l)rrls~rs  lI]il~ ‘Lr(j(rl~(:ltat(:”  stl(:lls,  so t,li(:
assul])])tiorr  tliat t  II(’  II II’; ‘ arl(l  :sII(’11 ol’olv(,  iri(lt’])1’llcl(!lltly  IIIay iw illcorroc, t,
SrW)]Idl  t;i{(’llSl(I A ,11 )!lrl~ II siirlrl,, t(’(1 t)rlly  l]lllill{),(’t( ’(l Soi]I’(:11(’S  f o r  r(!rltrlarlt,s,
rath(:r th:ili  III(!  s!jr  1’ (Ii  :1 II(II(S (l~~rl(:  l)y ~4(A(larrl  (t Al. (1{)93)  aII(l IIai] ct

i l l .  (199411),  !illi[l 11 I: r( (’:~1 lo\V -lIi’filC(’  l~[i[’,tltrl(’ss  r(, rllrlarlts.  ‘1’llir(l,  X-r:\y
(:{)lltril)llt,i(lrls  I(1 1 Iii. III Iti ir(:m rot cf)llsi,:l(!r(,(l  (!’t’rl 1 llou~ll tlvo w e l l - s t u d i d
i\ SSOci~t  JiOll S ill(’ (iir(v t  r(’ ; 1[s of X r a y  (li’xo\(’li(’s  (1’S1{ 111,509-  S8 arid 1’S1{

IItlh(lf) 6 9 ) .  lillill l\’, \] I })iillliltirlp, :.(!il I”(’111.’.h for ])lll.Sal F$, C4iWllSlCl  &  Jollllstori
ri]ir(l(: ll(!C(!S$Lilf~,  I}lrt 111 (’( ) ‘ ,4it11 il+ll]ll})tiorl  S ilt)OIIt tll~ ])uls:tr I)opulfitiori  :111(1
{I)(:  (wolutio]l  of r(rll  ;III1: Ill(:if  r(’ Illts ;ir( l)iirti(OlilI’lJ’  s(:rlsitiv(:  t o  ttl(:  fillirlp;
fil(:tol o f  t,ll(’ ,Ii[l(l  1111 I!lvl p’IaS[lh, \vlli(.11 p,[)\(r IIS t II( (Jv(llutiorl of  sllclls.
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5. collclll$il)ll!-

‘J’h(> study  (1 I I’:<1:/!h  1{ :-..1oc,i:ttioll, s 1101(1:>  t.11(’  k(:~ to 111~.l]y fll Il(l~.Ill(311t,iil issuw
ill  lt(!ut,  roII  htdt :1.lII)I~lIj  .i, s. hlll( I I  ])1’()~l(!>.s liiis  t)(x’]t ]t)ii(lc ill rccc]lt  y(mrs

owiu~  t o  tclla( itj il(l(i  IIifll  \vo]k;  illat  tlio  IIlllllbcr  of mlllIwllilig  associatio]ls
i s  rclativ(’lj  $lllilll i :Il,il of tlIc cfl’(~rt i s  riot itlt(~ll(l(xl  to bc {liSCollr  ilg[:lll(!llt,

for those ivork(l:), 111)]  t: Illcr  illsl)irat,i(}lt  fol  tlIcl II d]i(l ot,hcw tm,  ill ii(l(lit,ioll
t o  proposi]l~+,  lIl\ i: i.11~ i;tiolls, ,st ~l[ly  tll(w(:  alt(’a(ly  J)roposc(l ill r)lorc (I(:titii.
i n  part,ic,lll al, ~Y~IIIIf 11111:} 1 ])r~)l)[:I rllotioll  111( ’il.Slll(!lll ClltS tliiV(! thC i) Ot,Cllti:Ll t o
dwido ull(xlllil’[1(  a 11:, il II ;IIIy of” {II(I ii.ssociatiolls  l is ted in ‘ l’able 1 arc real or
not, and ttl(’1(’lol(” :111111](1  1)(: (oll:i~lcr(d  d lo]) ])liolity. IJurtllertt)orc, careful
sy]]tll(lsis  ~II}\l\s(  i)li(ll)[i[ill{!;  (()  i}l(()~)l)t fo[ I))(:viously  UIIII~()(l  Cl[Xl f a c t o r s ,  l i k e
lIIOSC dist.usw(l ::t tl:( III, of ~4., stlolll(l a l s o  I)IOVC viii IIablc,

Ack]){)\\~  l((l{;t))(’])  t\, I tllalll: S. Klll!iiillli  lo] 1)1(’il’>illltl~  carl(lid  (Iis(:llssiolls.
‘1’llis  w o r k  v:,: (IIIIvI  OL ( i(t  tll(:  .I(’t  l’l(~})ulsio]l  ljalmratory)  CalifOllJii\  lllsti-
tut(! of ‘I’(’(:llll  (11(1  /’,  j, 111111(” (O IIt I,I( I  \\riill  tlIC  h’i]t,io~liil Acrollar]tics  i]]l(l Sl)ac(~
A(l]~~iiiistlati(]]l,  i,ll( \lL I ]~l)ollc{l t~~’ il }Iul)l)l(’  l)cll O\! ’Slli J)~  v i a  gl’a~ltj Ilult)lx:r

111’’- 1061 .01!) 1,4, 110 I III( S})il (’(’ ‘1’(1(!s(0])(  S(i(]l(c  IIlstitutc , Jvllic.tl  is olmratc(]
})ytll(:Asso(i;~ti(j:l  (1 1 iii, :siti('sf()l  l{(s(:~lcllillAstl  ()rl()ll]y,lilc.,  ~lll(l(\r  NASA
c.olltrac.t  NASC)  ‘,~(l!l!)  1. I’1,1: l(\\i{’\v  l(:li((l llCii\il~ 0 1 1  AI)SS.
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‘1’abh 1. I  ‘I  (IIIOAXI  l’Sl{/Sh’lt  Associat,io]ls.  Assocjatjo]ls  arc ~r-
rangcd l)y f\I tIIIiI, ;I II<\ I)y ])olsiII  char ac.tmistic. ar,(: within each group,
Astmrisk’i  11( ’x1 to ])111.iir IIaIII~,S  iildicalc asscwiat.ions  ww[)osecl  sinm

1’s1{

Im5”314 2“1
110540- 6{)
}10833- 45

J1341-  62P0
111757-24
1)1853-I 01
1)1951+  32

111509-58
}11800- 21
1)1643- 43*
112334+  61
1)175 .s- 23

111610- 50*
}11706- 44
111727- 33”
}11830- 08’
}]1855+  02
JIG27--4845’

111930+  22
lK)GII+  22
})0656+14
111832-O(i
J2043+ 2740’
111154- w
1]0458-146

]11823- 13”
J1105-L3107’
J0538+2817’

S’:1: r!J

1,3/ol) ‘
1 ,7/0.(;
11/18

1 2/32
16/]4

20/..10
10’//96

1.7/10
16/15-28

33/.
41/10 100
1*8/35  lhO

7.5/5
1’/.5/.
26/-

148/<:)0
160/-

2ml/-

40/-
89/G5

110/60 !)0
120/1’)

1 200/20
1600/2:)

Iwo/3[).100

21/-
(>:i/-

600/101)

“2/2
-/50

0,6/0.5

8,7/7
4 ,(t/5
3/3.1
2.4/3

[).7/4.2
4/3,2- 4,3

/G.:) 8,39.7
?.4/l.8
13.5/2

7/3. 7
2,4-3.2/3

4.2/-
4 5/4.8
/9 4 0] 12
(L8/(L5

9.6/4,5
4.7/1.5
().8/0.3
6.3/4,4
1.1/0.6

10/4
1.8/1-4

4.1/-
7/>4

1,(;/ 1- 1.6

-’0
No
0.3

0.35
1.2
O.G
~o

0.2
No
0.7
0.1
1.0

1.5
1.0
-0
1.6
0.4
0.4

0.5
1.7
0.5
1.6
2.5
1.4
0.3

No
2.9
0.4

11, G
( k m / s )

J-Qo” - –1
-0 1
120 1

600 2
1600 2
250 2
300 2

3000 3
~o 3
500 3

<50  3
200 3

1600 4
800 4
460 4
200 4
100 4
70 4

750 5
110 5
200 5
360 5

1500 .5
550 5

<300 1

No -
650 -

30 -

Rcfs

1 “
2

3,4

5,0
7,8
9
10

11
12,13,14

15
16

17,18

19,20
21,15

15
22
23
24

25
26

27,28
22
29
30

31,32

33
34
35

I{cfs:  [ 1 ]  StarlIII S l{(i’Iw.((4  (19(,N)  [2] Scwiild (t iii. (1984) ~~] I,argc ct al. (1968) [ 4 ]
As~}l~~~l,act]  C( al. ~l!l!l!,)  I ,] 1{..;>i  c1 a).  (1992) ,  [6] (;it\\~(ll  ct al. (1992)  [7]  Frail & Kulkat’ni
(1991) [8] Ma,, 1,(,.,( , r, ,,1 (l!ll)~)  ]\4’,Ils7,c7f171c(al.  (l!)!)l)[lO]l<olkl,lictal. (1988) [11]
Srxvarcl  &,lla IIIdc II [1’W) 11?] l;awil,l  & lfJcilm  ( I W O )  [13] 10ail  et al. ( 1 9 9 4 a )  [14] Finley  &
bgclman (1991) [1[,] I’1,1 I (: aI (]!~941,) [)(i]I{~]lk.~l,, i(tal (]993)  17]l{a<pict  al. ( 1 9 9 3  ) [ 1 8 ]

\Ikailctal. (l!~.~i\) [l!l](’ tl., \({(l {)9\) 20] Jc,I]T,s(C}],ct:  Ll, (]wL) 21] McAdamcta1. ( 1 9 9 3 )
[21] Clifton  L 1,y,,c [1 !?S,  ) ~ /Y] (i,~r]~l{l  A Jol,,,$(c,],  (19!Iba) [23] l’hillii,s  & C) I,CIIO (1992) [24]
Kasl)i ct al, (l!l!l(,a)  [Y5i 1[(,111.,lp,c  & Va,,rldik (1988)  [20]l)avirs, I,yIIc&z  Seiraclaliis ( 1 9 7 2 )
[27] Nmlsckct;,l (l!~!:l 'l[2.]'l,,  c,,),l,sc,),kC  orclo!,a(l! )!)4)[2$ )]}{ayctal. (199G)[30]],argc&
Vaughan (1972)  [:{1] l’~il” ,;,.IICI ‘l AylcI1 & IIlllsc (1978)  [32] l,calIy  &}{ogcr (1991)  [ 3 3 ]  11’in]cy

I (I! ’!)(it))  [3[,]  A],(IPIMI],  c1 a l ,  (19W)ct a l .  (1996) [:{4] I{ml,  i ‘l I ,!


